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Abstract 
The research aims to evaluate physicochemical and microbiological properties of fermented lamb sausages elaborated  with 
probiotic Lactobacillus. plantarum IIA-2C12 isolated from Indonesian local beef. The result showed that the addition probiotic L. 
plantarum IIA/2C12 (9 log cfu/ml) produced better quality of fermented lamb sausages than control (without probiotic).
Physicochemichal analysis showed that fermented lamb sausage with L. plantarum IIA-2C12 has a considerebely soft texture and 
the final pH value and aw of fermented lamb sausage with  L. plantarum were 4.13 and 0.88, respectively. Additionally, the 
pressence of  L. plantarum IIA-2C12 significantly reduced the fat content (6.39% wb) and increased the protein content 
(19.26 %wb). Microbiological analysis displayed high population of lactic acid bacteria (9 log cfu/g) on fermented lamb sausage 
with L. plantarum IIA-2C12 with low population of Escherichia coli (1 log cfu/g) and none of Salmonella spp was detected. 
Preference test revealed that fermented lamb sausage with L. plantarum IIA-2C12 is the most prefereable product. 
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1. Introduction 
The wide variety of fermented sausages in the world is a consequence of variation in raw materials, traditional 
habits of people at different regions and different manufacturing processes [1, 2, 3].  Indonesian fermented sausage, 
Urutan, is a Balinese tradisional fermented sausage, which is made of lean pork and fat as raw material miced with 
sipeces, sugar dan salt. Despite its popularity in Bali, urutan is less popular in the other place due to the lack of pork 
as main raw material. As Indonesian people have restriction to pork due to their religion, urutan is unable to be 
widely accepted in Indonesia. Hence, development of fermented sausage using other type of meats as raw material is 
unavoidable. Lamb is very common in Indonesia and much more acceptable than pork. Lamb is preferable for daily 
comsumption in Indonesia, in which it is treated with certain processing such as roasting and making to be ‘satay’. 
Given its popularity and preferability, the usage of lamb as a main raw material in fermented sausage is promising to 
address the limitation of urutan and therefore interested to be deeply studied. We had successfully isolated a 
promosing Indonesia probiotic Lactobacillus  plantarum IIA-2C12 from Indonesian local beef Peranakan Ongole 
cattle. Previous studies revealed that this strain displayed probiotic characteristics including  immunomodulator [4], 
antimicrobial activities against pathogenic bacteria [5], anti-diarrhea [6] and produced bacteriocins [7]. L. plantarum 
IIA-2C12 had been proved to prevent diarrhea caused by EPEC and repaired the hematology condition of diarrheal 
suspected rats [6] and can be applicated as probiotic in yoghurt [4]. A simple and effective strategy for production of 
functional meat products is to incorporate functional ingredients such as  probiotics [8].  Usually Lactobacillus 
species are dominant  in sausages, such as Lactobacillus sakei, Lactobacillus curvatus and/or Lactobacillus 
plantarum. Other lactobacilli that may be found at minor levels include Lactobacillus pentosus, Lactobacillus 
paracasei, Lactobacillus casei and Lactobacillus alimentarius [9]. In this research probiotic L. plantarum  IIA-2C12 
was used as a starter for lamb sausage fermentation. Physicochemical and microbiological properties were discussed 
in comparison to spontaneous lamb sausage fermentation ( in the absence of L. plantarum  IIA-2C12). 
2. Material and methods 
2.1. Preparation of fermented lamb sausages 
Lamb and a cocktail containing 2.5 % (w/v) NaCl, 5% (w/v) sucrose, 2.5% (w/v) ginger, 2.5% (w/v) pepper were 
mixed and filled to edible casings, resulting in 10 cm long and 5 cm diameter of fresh sausages. The first group 
sausage was kept ripened whithout the addition of probiotic L. plantarum IIA-2C12 ( control), while the second 
group of sausage was treated by addition of  L. plantarum IIA-2C12 as a starter culture prior to 
ripening/fermentation. Starter culture (2% with 109 cfu/ml population of L. plantarum IIA-2C12) was added into 
first mixing. The mixed ingredients was ripened as following: the first stage consisted of one day drying at 
temperature of 250C, then were cold smoked for 3 days with about 4 hours for each. The total ripening periods was 4 
days at 270C [10].  
2.2. Examination of fermented lamb sausage  
The pH value was determined by pH meter (Hanna Instrument, USA), Water activity (aw) was analyzed by aw 
meter  (Novasina). Titratable acid was counted by titration methods. The moisture, ash, crude and fat contents were 
determined by Proximate analysis [11].  Carbohydrate content was calculated by difference analysis. For 
microbiological analysis of the fermented sausages, 25 g of each sample were homogenized into 225 mL of 
Buffered Peptone Water (BPW, Oxid). Further decimal solution was made and plate count analysis carried out on 
duplicated agar plates. The total population of the following bacteria were counted (a) lactic acid bacteria on MRS 
agar (Oxoid) incubated at 370C for 48 hrs; (b) Staphylococcus aureus on Baird Parker medium (Oxoid) with 
addition of  yolk tellurite emulsion (Oxoid), incubated at 37 0C for 24–48 hrs, (c) Escherichia coli on Eosin 
Methylen Blue agar (Oxoid) incubated at 370C for 24-48 hrs and (d) Salmonella spp was qualitatively determined on 
serial media, including XLD agar (Oxoid) incubated at 370C for 48 hrs. All analysis was performed according to 
BAM (2002). The products were evaluated with the criterion sensory analysis by a group of panels consisting  of  75 
semi-trained panelist using a preference test.  
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2.3. Statistical analysis 
A completely randomized design was used in this experiment. For physicochemical and microbiological 
parameters, means and standard of errors from triplicate experiments were calculated and them the significance of 
the difference between two means was teasted with T- test. For sensory parameter, rank sums of data from sensory 
analysis were tested for significance of the differences by the Kruskall Wallis test [12]. 
3. Result and Discussion 
Table 1 shows the physicochemical and microbiological properties of fermented lamb sausages.  The pH value of 
the fermented sausage with L. plantarum IIA-2C12 was significantly lower compared to that of control (p<0.05). It 
is plausible since the presence of L. plantarum IIA-2C12 drives the fermentation process and may enhance the 
production of acidic compounds during fermentation. This result is supported by the higher content of lactid acid, as 
a main acidic compound produced by LAB, on the fermented sausage with L. plantarum IIA-2C12 than of control 
(p<0.05) Both pH value and lactid acid content are implications of sugar metabolism by LAB, in which the sugar is 
converted into lactid acid, thus lowering pH values [2,13,14]. Noteworthy, the final pH value of the sausage was 
4.13-4.39, typical of low acidity sausage and this was the result of the classical trend of LAB growth in the 
fermented sausage. It is interesting to be noted that the population of LAB increased during fermentation. Total 
LAB in the fresh lamb was 4 log 10 cfu/g and increased up to 6.43 – 9.32 log 10 cfu/g in the final products. L. 
plantarum IIA-2C12 displayed a growth curve with maximal logaritmic phase achieved whithin 12 hours of 
incubation time, in deMan Rogosa Sharp broth media incubated at 370C (Fig.1a). The pH value  also decreased  as 
increasing titratable acid  increased during fermentation in MRS broth media (Fig. 1b). 
The  aw values of all products were lower (0.88) compared to that of fresh lamb (0.91). It might be caused by the 
cold smoking treatment during the fermentation (Table 1).  This value was also considerably lower compared with 
another fermented sausage, Hot Hungarian Salami. NSW Food Authority (2009) reported that Hot Hungarian 
salami had a standard aw value of 0.90.  In term of safety, lower aw value is considerably better for food safety as it 
may inhibit pathogenic bacteria to grow in it. Fermented lamb sausage with L. plantarum IIA-2C12 displayed soft 
texture which might be include by proteolytic enzyme from L. plantarum IIA-2C12 that subsequently increased 
crude protein of the product. 
                     Table 1. Physicochemical and microbiological properties of fermented lamb sausages (n=3) 
 Control (without probiotic) With probiotic L. plantarum IIA-2C12 
Physicochemical properties 
pH 4.39 ± 0.01a 4.13 ± 0.02b 
aw 0.88 ± 0.01 0.88 ± 0.00 
Lactic acid (%) 2.03 ± 0.14a 3.03 ± 0.05b 
Texture (hardness) (kg/cm2) 0.42 ± 0.01a 0.36 ± 0.02b 
Moisture (%wb) 65.11 ± 0.14 65.97 ± 0.17 
Ash content (%wb) 1.86 ± 0.14 1.94 ± 0.17 
Fat content (% wb) 7.25 ± 0.18a 6.39 ± 0.16b 
Crude protein (%wb) 18.87 ± 0.29a 19.26 ± 0.24b 
Carbohydrate (%wb) 6.91 ± 0.26 6.44 ± 0.20 
Microbiological properties 
Total lactic acid bacteria (LAB) (log cfu/g) 6.43 ± 0.03a 9.32 ± 0.03b 
Total E.coli (log cfu/g) 3.58 ± 0.03a 1.72  ± 0.02b 
Salmonella  sp positive Negative 
  Data represents means ± standard error from 3 samples 
  a-bValues in the same row  followed by a superscript alphabet shows sigfinicance differences (P<0.05) 
  cfu/g = colony forming unit per gram 
355 Irma Isnafi a Arief et al. /  Procedia Environmental Sciences  20 ( 2014 )  352 – 356 
 
Fig. 1 (A) growth curve of  L. plantarum in MRS broth media and (B) the pH value (open square) and titratable acid was/TA (filled square) 
produced of L. plantarum IIA-2C12 during fermentation in MRS broth media. 
 
Meanwhile the lypolytic process by L. plantarum IIA-2C12 might play an important roles on decreasing of the fat 
content in the product. The moisture contents of the fermented lamb sausages (65.11-65.97%) were similar to those 
described by other authors in other sausages [2,15,16,17]. During the drying period, the moisture content decreased 
as a result of moisture loss during cold-smoking. 
Microbiological properties showed that the addition of probiotic L. plantarum IIA-2C12 decreased population of 
E.coli and increased the total lactic acid bacteria of fermented lamb sausages, compared to that of control (without 
probiotic) (p<0.05). Culture starters may increase the reduction in E. coli in fermented sausages. By using 
fermentation temperatures and conditions that are optimal for growth and acid production, a rapid decrease in pH is 
achieved and thereby an inhibition of any pathogenic E. coli present [18]. The presence of probiotic L. plantarum 
IIA-2C12 completely abolished the growing of Salmonella spp in the product. By contrast, Salmonella spp was 
detected on the product fermented without L. plantarum IIA-2C12 thus it is considerably unsafe to be consumed 
(Table 1.)  The low aw and low pH value of fermented lamb sausage might promote inhibition of  E. coli and 
Salmonella to grow in the product. Indeed, L. plantarum IIA-2C12 has been reported to display antimicrobial 
activity against pathogenic bacteria [5,7]. Accordingly, fermented lamb sausages with addition L. plantarum IIA-
2C12 is considerably safe to be consumed based on GSO standard.  
The results of the consumer preference test are presented in Table 2.  In respect to aroma, color and texture, 
fermented lamb sausage with the addition of probiotic L. plantarum IIA-2C12 was more preferable than those of 
control (p<0.05).  However, future improvement is needed to increase the acceptability of its taste. The panelists 
considerably do not like the overall taste of fermented lamb sausage with probiotic which might be due to the 
sourness in it’s taste. Sour taste is to a certain level commonly unacceptable by Indonesia people.  
                          Table 2. Consumer acceptability of lamb fermented sausage (n=75) 
 Control (without probiotic) With probiotic L. plantarum IIA-2C12 
Aroma 2.90± 0.01 a 3.13± 0.06 b 
Color 2.97± 0.06 a 3.20± 0.02 b 
Texture 2.93± 0.02 a 3.17± 0.01 b 
Taste n.a. 2.53± 0.01 
       Data represents means ± standard error from 75 samples 
           a-bValues in the same row  followed by a common letter differ significantly (P<0.05) 
             nd= not analysis because sample contained Salmonella  
           preference range (1-5) : 1= very dislike, 5=very like 
a b 
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4. Conclusion 
The results obtained in this study indicates that probiotic L. plantarum IIA-2C12 can be used as starter culture of 
fermented lamb sausage. The physicochemical, microbiology and sensory properties of fermented lamb sausages 
with the addition  of L. plantarum IIA-2C12 (population 8 log cfu/g) were better than that of control (without 
probiotic).  
Acknowledgement 
The authors are grateful for the funding from the Directorate of Higher Education (DIKTI), Ministry of 
Education,  Republic of Indonesia, through National Strategic Research Grant No 
134/SP2H/PL/Dit.Litabmas/V/2013.   
References 
1. Cocolin L, Dolci P, Rantsiou K. Biodiversity and dynamics of meat fermentations: The contribution of molecular methods for a better 
comprehension of a complex ecosystem. Meat Science. 2011; 89: 296-302. doi:10.1016/j.meatsci.2011.04.011 
2. Lorenzo, JM., Temperan S, Bermudez R, Cobas N, Purrifios L. Changes in physico_chemical, microbiological, textural and sensory 
attributes during ripening of dry_cured foal salchichon. Meat science. 2012; 90:194-198. doi:10.1016/j/meatsci.2011.06.025 
3. Toldra, F., Y. Sanz, M. Flores. Meat Fermentation Technology. Marcell Dekker Inc., New York. 2011. 
4. Astawan, M., T.Wresdiyati, Suliantari, I.I.Arief, R.Septiawan. Production of synbiotic yogurt-like using indigenous lactic acid bacteria as 
functional food. Media Peternakan. 2012; 35 : 9-14. 
5. Arief, I.I. Characterization of Indigenous Lactic Acid Bacteria  from Beef as Probiotic  and Identification by 16S rRNA gene sequencing. 
Ph.D. Thesis. Bogor Agricultural University. Indonesia. 2011 
6. Arief, I.I, B. Sri Laksmi Jenie, M. Astawan, & A.B. Witarto. The effectivities of probiotic Lactobacillus plantarum 2C12 and 
Lactobacillus acidophilus 2B4 as antidiarrhea on rats. Media Peternakan. Journal of Animal Science and Technology. 2010; 33:137-143. 
7. Arief, I.I., E.Andreas. Isolation, purification and characterization plantaricin : bacteriocin produced by Indonesian lactic acid bacteria 
Lactobacillus plantarum strains. Indonesia Toray Science Foundation Seminar on Science and Technology, Jakarta, 8 February, 2011. 
8. Khan, M.I.,M. S. Arshad, F. M. S. Anjum, A. Sameen, A. Rehman, W. T. Gill. Meat as a functional food with special reference to 
probiotic sausages. Food Research International. 2011; 44:3125-3133. doi:10.1016/j.foodres.2011.07.033 
9. Talon, R, S. Leroy.  Diversity and safety hazards of bacteria involved in meat fermentations. Meat Science 2011; 89 : 303–309. 
doi:10.1016/j.meatsci.2011.04.029 
10. Irma Isnafia Arief, Betty Sri Laksmi Jenie, Zakiah Wulandari, Ngesti Dyah Sekar Mumpuni, Sofi Susilowati. 2012. Nutritional and 
microbiological quality of beef fermented sausages using probiotics Lactobacillus plantarum 2C12 and Lactobacillus acidophilus 2B4 
isolated from Indonesian beef. The 15th AAAP (Asian-Australasian Association of Animal Production Societies) Animal Science 
Congress, Thailand 26-30 November 2012. 
11. AOAC. Official Methods of Analysis of AOAC International. 18th ed. Assoc. Off. Anal. Chem., Arlington. 2005. 
12. Steel, R.G.D, J. H. Torrie. Principles and Procedures of Statistics: A Biometrical Approach. 2nd ed. McGraw-Hill Book Company, New 
York, New York.1995 
13. Parks,A.R.H.,  M.M. Brashears, J.N. Martin, W.D. Woerner, L.D. Thompson, J.C. Brooks. Shelf life and stability traits of traditionally and 
modified atmosphere packaged ground beef patties treated with lactic acid bacteria, rosemary oleoresin, or both prior to retail display. 
Meat Science. 2012; 90:20-27. 
14. Paulsen P, S. Vali, F. Bauer. Quality traits of wild boar mould-ripened salami manufactured with different selections of meat and fat tissue, 
and with and without bacterial starter culture S. Meat Sience. 2011; 89: 486-490. 
15. Campagnol PCB, B.A. dos Santos, R.Wagner, N.N. Terra, M.A.R. Pollonio.2011. Amorphous cellulose gel as a fat substitute in fermented 
sausages. Meat Science. 2011; 90 : 36-42. doi:10.1016/j.meatsci.2011.05.026 
16. Ferreira, V., J. Barbosa, S. Vendeiro, A. Mota, F. Silva, M.J. Monteiro, T. Hogg, P. Gibbs, P. Teixeria. Chemical and microbiological 
characterization of alheira: A typical Portuguese fermented sausage with particular reference to factors relating to food safety.  Meat 
Science. 2006; 73 : 570-575. 
17. Zhao, L, Ye Jin, Changwei Ma, Huanlu Song, Hui Li, Zhenyu Wang, Shan Xiao. Physico-chemical characteristics and free fatty acid 
composition of dry fermented mutton sausages as affected by the use of various combinations of starter cultures and spices. Meat Science. 
2011; 88 :761-766 
18. Holck, A.L., L. Axelsson, T. M. Rode, M. Høy, I. Måge, O. Alvseike., T. M. L'Abée-Lund, M. K. Omer, P. E. Granum, E. Heir. Reduction 
of verotoxigenic Escherichia coli in production of fermented sausages. Meat Science. 2011; 89 : 286–295. 
doi:10.1016/j.meatsci.2011.04.031 
 
 
